Study Design. A report on plenary presentations and discussions of an expert panel and workshop ("Exercise as a treatment for subacute low back pain") that was held at the Amsterdam Forum VIII on Low Back Pain Research in Primary Care.
Hundreds of trials evaluating exercise therapy in low back pain (LBP) have been published in the last 50 years, the results of which have been summarized in several systematic reviews. Recent reviews conclude that exercise is an effective treatment for chronic LBP, 1,2 though improvements in outcomes such as pain and functional limitations are generally small and short-lived. Maintenance of exercise benefits may require patient education and motivational strategies to reinforce behavioral change and exercise compliance. 3 Although exercise is sometimes regarded as a single class of treatment, this conceptualization has failed to recognize the high variation among exercise programs and treatment protocols. The types of exercise programs for LBP vary widely from land-based exercise versus exercise in water to isolated trunk exercise versus a walking program, and it is unlikely that all programs are equally effective for all patients. Reviewers have routinely attempted a single summary conclusion on the efficacy of exercise, and this may contribute to its small reported effects.
The widespread publication of methodologic guidelines 4 -7 in the last decade has led to an overall improvement in methodologic quality of randomized clinical trials in the field of LBP research. 8 Many trials on the effectiveness of exercise, however, still show methodologic flaws in the design, conduct, and/or reporting of the study. Internal validity criteria such as blinding, compliance, and cointervention are often not met in exercise studies. 2, 9 For example, in trials published since 2000 on exercise therapy for LBP, only 39% were assessor blinded, 42% used intention to treat analysis, and 40% concealed allocation. 10 Low quality is assumed to be associated with biased estimates of treatment effects in both randomized and nonrandomized clinical trials, although the literature is not consistent on this topic, 11, 12 neither is it consistent on the validity of different scales to measure trial quality. 12, 13 Furthermore, generalizability of the results of trials dealing with exercise might be violated by voluntary participation, because back pain patients who have no affinity for exercise, or have fearavoidance beliefs about physical activity, are supposedly less likely to participate. 14, 15 The strict eligibility criteria used in many exercise trials (e.g., cardiovascular contraindications for participating in progressive exercises) might also select people with a higher capacity to benefit from exercise therapy, resulting in larger estimates of effects. Beside internal and external validity criteria of experimental designs, another issue is to what extent the treatment is applicable and relevant to various provider types and treatment settings. Criteria concerning applicability and clinical relevance allow providers from different disciplines to translate the results of exercise trials into guidelines for their clinical practice. For these reasons, researchers have expressed a need to improve the quality of reporting for exercise trials. 16 The present paper highlights important issues regarding the design, conduct, and reporting of exercise trials and provides suggestions for improvement in a number of domains. These analyses and recommendations are based on plenary presentations and discussions during and after an interactive workshop entitled "Exercise as a treatment for subacute low back pain" that was held at the Eighth International Forum on LBP, in Amsterdam, The Netherlands, in June 2006. Presentations of 4 panelists focused on: (a) mechanisms of action of exercise, (b) different aspects of treatment quality in exercise, (c) identifying subgroups among LBP patients, and (d) the publication of study designs. Subsequent discussion among the expert panelists included the topics of the plenary sessions, reactions to these presentations, and other topical areas (e.g., the role of patient-provider interaction within exercise protocols).
Although it was beyond the scope of the symposium to address all methodologic aspects of exercise studies for back pain, the expert panelists identified a number of key methodologic issues that may represent threats to internal validity in the study of exercise treatment effects. The symposium also led to some specific suggestions; for example, using certain measurement instruments to improve the quality and reporting of results. The issues raised in the symposium may benefit future studies and facilitate the pooling of study results in systematic reviews and meta-analyses.
Designing and Conducting Exercise Studies in Low Back Pain

Mechanism of Action of Exercise
Despite the considerable body of evidence for beneficial effects of exercise in LBP, there is a lack of knowledge about the mechanism of action of exercise. 17, 18 The different theories to explain the mechanisms of action of exercise can be roughly grouped into (i) mechanical theories (e.g., spinal stabilization or core strengthening), (ii) neurologic theories (e.g., desensitization), and (iii) cognitive and/or operant conditioning theories (e.g., graded activity). In these theories, exercise can be used either as a physical or behavioral tool to improve physical function, to reduce back pain intensity, and to reduce back pain-related disability. 19 Why are theoretical frameworks important in exercise trials? Theory-based treatments specify a priori the most important active ingredients of the exercise intervention. The theory may be supported or not supported, but its specification provides an important basis for operationalizing intervention components. A conceptual framework gives direction to the actual content of the intervention, and the choice of a reference or "placebo" (nontreatment) intervention that maximizes the contrast on the characteristic underlying the presumed mechanism of action, and minimizes the contrast on other characteristics. A conceptual framework should also determine to a large extent the choice of a valid set of treatment process measures and prognostic variables.
As stated elsewhere, 14, 17, 18 there is an urgent need for studies that examine whether improvements in those characteristics altered by exercise are, in fact, related to improvements in primary outcomes such as pain, functional status, or return to work. If this is the case, it shows that the presumed mechanism of the intervention is more than just a label. For example, when using the frequently described "disuse" syndrome 20 as the chosen mechanism of action in an exercise trial, a physical reconditioning approach is indicated in which quantification of physical capacity (e.g., measurements of muscle strength and lumbar spine mobility) is a key element. On the other hand, if operant conditioning principles for pain 21 are chosen as the conceptual framework, instruments should be considered that measure, for example, changes in positive reinforcement of healthy behaviors and changes in withdrawal of attention towards pain behaviors.
Blinding of Patients and Providers
Blinding of patients and providers are the least fulfilled methodologic criteria in exercise trials. 8 This is to be expected because complete concealment is difficult to achieve because of mostly visible and/or tangible differences between real and placebo forms of exercises. Moreover, incidental conversations between patients, providers, or assessors may lead to unblinding in many clinical settings. 9 Blinding of patients may influence responses to treatment. For example, bias may be prominent when patients who are assigned to a new treatment in which innovative technology is used, bring in favorable expectations, increased anxiety, and higher treatment satisfaction compared with patients who are assigned to usual care treatment ("novelty bias"). 22 What are the possibilities for blinding patients, providers, and evaluators in exercise trials? First, use of independent staff and close control of the trial environment should allow for blinding of those responsible for outcome measurement, data entry, and analysis. Second, it may be possible to blind the patient by using a sham intervention. Possibilities include sham versions of electrophysical treatments (e.g., sham ultrasound, 23 sham shortwave 24 ), or sham versions of exercise where subjects exercise at a dose believed to be subtherapeutic. 25, 26 With some subterfuge and skill on the part of the therapist, it may be possible to blind the patient so that they are unaware of whether they are in the real or sham exercise group. However, this blinding is not as robust as is possible in a placebo-controlled drug trial. Prior experience of exercise or the sham treatment, the therapist's manner, the title of the trial on the subject information sheet (e.g., a "placebo-controlled trial of exercise") or information on the trial obtained from a public trial registry may readily unblind the patient. Because patient blinding is so easily corrupted, it may be sensible to assess the success of blinding during the trial.
Although the item of "blinding" is enlisted in many scales that classify published RCTs according to their quality, the actual impact of this quality measure on treatment effects is still largely unknown. Few studies have examined the effects of blinding on quality assessment of clinical trials, and the results show little consistency in direction or magnitude.
11,12
Patient-Provider Interaction
In exercise programs, there is always a strong supportive interaction between the provider of exercise (physician, physiotherapist, physical trainer, etc.) and the patient. Providers need to use their communication skills to successfully guide patients through a process of desensitization of fears and concerns, altering pain attitudes and beliefs, and/or improving affect, depending on the goal of the intervention. Patients beliefs in, and adherence to, the exercise is likely to be directly correlated to the professionalism that providers display, making this an essential part of the treatment delivered. Researchers should therefore attempt to balance personnel factors (e.g., courtesy, concern, and competency) among their treatment groups by means of appropriate training and monitoring. 27, 28 Literature is scarce on the effect of patient-provider interaction on treatment success in LBP. Studies on this topic seem to reveal a gap between what is offered by health care providers and what is expected by patients (e.g., an explanation and legitimization of the pain, pain relief, and/or instruction and advice). 29 -31 For example, patients may hope that providers will legitimize their back pain by applying a somatic label such as "slipped discs" or "entrapped nerves." The healthcare provider, on the other hand, may wish to avoid medical jargon and focus on global reassuring messages so that fear avoidant beliefs are not inadvertently reinforced. Patient confidence and expectations, 13, 29, 32, 33 the level of agreement between patient and provider on the chosen treatment strategy, 29, 33, 34 and patient satisfaction during and after treatment 30,34 -36 are seen as strong and closely interrelated treatment effect modifiers. Although the theoretical framework for integrating these factors into research designs is not well elaborated, they should be assessed in exercise trials nonetheless.
Clearly there is a need for tools to measure different aspects of the interaction between patient and provider. One example is the patient-practitioner orientation scale, an 18-item self-report questionnaire that measures the roles that physicians and patients believe each should play in the course of their interaction. 37, 38 Higher scores on the measure reflect a more patient-centered orientation. Improved outcomes are hypothesized when there is a higher level of concordance between patient and provider. Another, slightly more laborious method for quantifying the effect of patient-provider interaction is to audiotape interactions between patients and providers during exercise sessions, develop a coding strategy for evaluating interactions, and then relate these to treatment outcomes. One such method that has undergone substantial testing and validation among physicians is the Roter Interaction Analysis System, derived from social exchange theory that focuses on elements of interpersonal influence, problem solving, and reciprocity in the context of patient-physician encounters. 39, 40 Such methods could be readily adapted to assess patientprovider interactions during exercise sessions.
Treatment Quality
Herbert and Bø 41 emphasize the importance of treatment quality in studies of complex health care interventions such as exercise therapy. These authors assert that some of the variability in estimates of effects between trials in meta-analyses can be explained by the variation in quality of administration of interventions in different settings. Below, we provide examples of what we believe are measures to improve treatment quality: a. Use existing guidelines for exercise interventions, 3, 42 and certified and experienced providers of exercise. Published research can be used as a benchmark for defining an appropriate exercise program in a research context. 41 b. Use clear and sufficiently detailed training protocols and/or guidelines, providing a reasonable amount of variation, and also providing a specific algorithm for providers to follow for modifying the intervention based on individual characteristics in a reproducible fashion. Little is known thus far on the beneficial influence of provider adherence to clinical practice guidelines on (perceived) treatment outcomes and health costs in LBP, although a recent cross-sectional study within the US military healthcare service provided some evidence in this direction. 43 The main benefit of clinical guidelines, however, is to improve the quality of care in terms of a more transparent, evidencebased clinical decision process. 44, 45 c. Limit the number of providers involved in an exercise program, thereby reducing interperson variability in the administration of the treatment.
d. Organize a "feed-forward session" and several "feedback sessions" with providers in a pilotphase of the trial, in which different aspects of the trial design can be explained, instructions on the training protocols can be given, treatment actions can be practiced, and individual patient cases can be discussed. e. Plan a practice period in the pilot-phase of the study, in which the treatment under study can be administered within the logistics of the upcoming trial.
To monitor treatment quality during the study, one could organize for an experienced clinician (not involved with the research group) to audit participants from a randomly selected sample of the treatment sessions, to assess whether treatment is performed as intended.
Other possibilities are to make (video) observations of treatment sessions for quality assessment by an independent expert clinician, or to plan regular "monitoring visits" to the treatment locations.
Subgroup Analyses
It seems unlikely that any one exercise approach would be equally beneficial for all patients with LBP. 46 However, until recently, most reviews and guidelines 1, 5, [47] [48] [49] concluded that based on the existing evidence no category of exercise seems to be better than others. Several authors have proposed that the modest treatment effects seen with exercise might at least partly be explained by the heterogeneity of the samples of nonspecific LBP patients included, i.e., patients are heterogeneous with regard to their specific needs and expectations. Thus, only a minority of patients benefit from any one particular intervention approach. Adequate classification of homogeneous subgroups of LBP patients could improve diagnosis and treatment efficacy. 50 -52 This brings us to the discussion of performing subgroup analyses in exercise studies. If patients could be subdivided into groups based on the nature of physical, psychological, and/or organizational barriers to recovery, matching them to appropriate interventions may improve outcomes and reduce overall costs. Several clinically relevant classification systems for the subgrouping of LBP patients have been proposed, comprising pathoanatomical oriented systems that focus on the identification of the structural pain source (i.e., intervertebral discs, sacroiliac joints, or nerve root problems), or treatment oriented systems that focus on the matching of particular patterns of signs and symptoms with specific types of exercise therapy. 53 There is a need for studies testing the efficacy of a particular type of exercise therapy on patients selected by criteria ("clinical prediction rules") derived from observational studies in combination with clinical experience. If possible, criteria should be based on theory supporting the ability of a specific type of exercise therapy to influence certain biologic or psychosocial characteristics. Within the pathoanatomical approach, for instance, there is preliminary evidence that a composite of certain clinical tests might be useful to identify the disc or sacroiliac joint as the source of LBP. 54 Within the treatment oriented approach, observational studies have succeeded in developing a clinical prediction rule from associations between certain physical examination findings and treatment success after specific mobilizing exercises or training of neuromuscular control. 55, 56 The effectiveness of prediction rules for the identification of particular subgroups of patients with LBP who would benefit from a specific type of exercise should be compared with that of nonspecific exercises in randomized clinical trials. For example, two studies have reported that choice of treatment based on a treatmentoriented classification approach resulted in improved disability when compared with treatment unmatched to their classification or treatment based on clinical practice guidelines. 57, 58 Long et al 59 have shown that in patients with a directional preference to movement, exercises in the preferred direction provided better results than exercises in a random direction or opposite direction. Finally, a study by George et al 60 suggested that patients with fear-avoidance beliefs, improve more with exercise treatment that addresses the fear-avoidance than with standard care.
If no plausible theory exists, the performance of post hoc analyses for the purpose of hypothesis generating may be indicated, i.e., analyses for associations between baseline patient characteristics and outcomes of a specific type of exercise. When using multivariable regression models, one needs to be mindful of the known limitations (e.g., risk of overfitting) of such analyses.
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Reporting Exercise Studies in Low Back Pain
Description of Study Population, Exercise Protocol, and Compliance As mentioned earlier, exercise trials may suffer from a lack of generalizability. It is therefore of utmost importance that researchers give an explicit description of their study population, to enable practitioners to relate study results to their own patient population. 14 The revised CONSORT Statement 4 emphasizes the importance of describing the recruitment method, eligibility criteria used in the study, and treatment allocation procedure. Together with baseline characteristics of the study population, these items give an idea of the internal validity of the trial. Also, the timing of the treatment in relation to the duration of the episode of pain should be described, as Staal et al 31 suggest. This is necessary so that the effectiveness of the intervention can be judged within the context of the natural course of LBP.
Authors of trials should describe exercise interventions in sufficient detail so that other researchers and practitioners could replicate the treatment and reviewers can make sensible decisions about pooling similar exercise programs. Obviously, the same applies to the description of control and "placebo" exercise interventions, home-exercises, and, possibly, cointerventions.
For example, when using progressive resistance exercise as a physical therapy intervention, a clear description of training principles according to the American College of Sports Medicine is warranted.
64 Table 1 categorizes the characteristics of different exercise concepts that, ideally, should be mentioned in trial reports. Behavioral treatments that include physical exercise, for example an operant therapy using graded activity, can be quantified according to the same categorization.
One of the major sources of variation in the observed outcomes of clinical trials is the level of commitment and motivation among study participants for completing the full exercise program. 41 When describing patient compliance, the following 4 items should ideally be addressed: a. The way in which exercise characteristics were recorded, for example by keeping a diary of exercises or by filling out a training form; b. The way in which supervision was delivered, i.e., fully or partly supervised programs versus nonsupervised programs (e.g., home-exercises); both in the American College of Sports Medicine guidelines for exercise prescription 42 and in a recent review on exercise therapy, 65 the importance of supervision for exercise compliance is emphasized; c. Whether intended or unintended cointerventions were at issue, exposing patients to other components than pure exercise, such as cognitivebehavioral approaches, ergonomic measures, or education;
d. Whether adverse effects could be reported that were caused by the exercises.
Trial Registration and Publication of Study Design
Trial registration and protocol publication before study commencement have become more customary among studies of LBP. Recently, several journals jointly decided to only consider trials for publication if they have been registered before the enrolment of the first patient. 66, 67 One of the mean reasons for this new policy is to prevent publication bias in scientific literature: it is known that trials with adverse or negative results are less likely to be submitted for publication. 68 Researchers who register their trial and publish their study design beforehand will be more inclined to publish results. In any case, data can still be requested from the researcher for inclusion in a systematic review.
Among other advantages, 69,70 publication of a design article usually gives authors more space to elaborate on the specific content of the intervention. Systematic reviews on exercise therapy would benefit by the ability to distinguish among different types of exercise. Moreover, detailed information gives practitioners more insight into the practical application of the intervention, which contributes to an easier implementation in practice. Fulltext, free-access articles from online journals, a trend in scientific literature, also helps in this matter. In the near future, access to treatment manuals and/or databases might be established not only by contacting the authors involved, but also by visiting a study website. 
Conclusion
In summary, the design of exercise protocols requires attention to a number of important clinical and experimental factors that have not been adequately addressed or reported in many of the existing clinical trials. These include: (1) identifying a specific physiologic and/or psychological mechanism of action; (2) selecting appropriate interventions and treatment efficacy (outcome) measures given the theoretical model and hypothesis under investigation; (3) evaluating the role of patient-provider interactions through the use of self-report or observational measures; (4) describing the intended role of patient-provider interaction to further treatment goals; (5) assuring quality of treatment by using exercise interventions that reference existing exercise guidelines or by assessing provider adherence through training or protocols; and(6) identifying subgroups of patients who are most likely to benefit by appropriate use of subgroup analyses. In addition, significant improvements could be made in the way that investigators assess adherence to treatment protocols and report study results. To improve the dissemination and exchange of knowledge in this field and to reduce the potential for publication bias, more details regarding study population and intervention design could be published in separate methodologic (design) articles before the release of study results. Such improvements may lead to a stronger evidence basis for recommending or not recommending various exercise therapies for LBP.
Key Points
• A workshop on exercise therapy in (subacute) LBP was held at the Eighth International Forum on LBP Research in Primary Care.
• The aim was to highlight important issues regarding the design, conduct, and reporting of exercise trials and to provide suggestions for improvement in each domain.
• Based on the workshop, recommendations are made to at least partly overcome typical methodologic problems of exercise trials, such as lack of conceptual frameworks, blinding limitations, patient-provider interaction, and treatment quality.
• Moreover, significant improvements could be made in the way that investigators assess adherence to treatment protocols and report study results.
